Message

From: Daniel Dodd [ddodd@sierraenergy.com]

Sent: 7/14/2020 12:24:43 AM

To: Zuniga, Mario [zuniga.mario@epa.gov]

CC: Johan Van Walsem [jvanwalsem@sierraenergy.com]; Meredith Roberts [mroberts@sierraenergy.com]; Michael
Kleist [mkleist@sierraenergy.com]

Subject: RE: Applicability Determination Questions

Flag: Follow up

Mario, thanks for the email.

Indeed your understanding and written summary is correct, it is a “Gasification Zone”. We’re actually going to be
updating all our materials (schematics and language on website etc.) to reflect and confirm this so we don’t have
misunderstandings about our technology in the future.

Let us know if there’s anything else.

VIR,
DMD

Barisl M. Dodd

Chief Technology Gfficer

{5301 758-9827 x503 | Cell {918} 215-8416
1222 Research Park Drive, Davis, CA 855818

From: Zuniga, Mario <zuniga.mario@epa.gov>

Sent: Monday, July 13, 2020 12:48 PM

To: Daniel Dodd <ddodd@sierraenergy.com>

Cc: Johan Van Walsem <jvanwalsem @sierraenergy.com>; Meredith Roberts <mroberts@sierraenergy.com>; Michael
Kleist <mkleist@sierraenergy.com>

Subject: RE: Applicability Determination Questions

Daniel,

Thank you for the summary.

From the call, we understand that Sierra Energy use system feedback and controls to avoid combustion of the feedstock
inside the FastOx Gasification system, so as to maximize syngas production.

As mentioned during the call, the current rules do not define combustion, gasification, pyrolysis, or oxidation. This can
create problems when terms other than “gasification” are used to explain a gasification process as such terms can be
interpreted to mean “combustion.” Therefore, to concur a system is gasifying and not combusting feed, we need to have
sufficient written information that clearly explains that combustion is prevented. We appreciate the additional
information and clarification you have been providing.

For the record, during the call, it was agreed that the “Partial Oxidation Zone” is better characterized as the “Gasification
Zone.” This language is also included in the email you provided below. The change of terminology helps clarify that the
purpose of the zone is further gasification of the bed material {or char in this zone), and not combustion. As such, going
forward we will refer to the third zone of the FastOx Gasifier as the “Gasification Zone.” Can you confirm we understand
this correctly and that the zone is indeed a “Gasification Zone?” Please correct any misunderstanding in this paragraph.

Thank you.
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Best regards,

Mario Abwaham Fofiiga

Environmental Engineer

Air Permits Section (AIR-3-1) | U.S. EPA, Region 9
75 Hawthorne St., San Francisco, CA 94105
(415)947-4282 | zunige.mario@opa.gov

From: Daniel Dodd <ddodd@slerraensrgy.com>

Sent: Friday, July 10, 2020 9:28 AM

To: Zuniga, Mario <zuniza. maric@epa gov>

Cc: Johan Van Walsem <jvanwalsemu@sisrrasnergy. com>; Meredith Roberts <mmroberts@siarrasnergy.com>; Michael
Kleist <irikleist@sierrasnergy.com>

Subject: RE: Applicability Determination Questions

Mario, thanks for setting-up the call with your team.

To confirm what was discussed during the call on Wednesday, see below a summary of the key operations:
e The FastOx Gasifier

o The FastOx gasifier is designed to convert waste materials into a clean, high-energy content synthesis
gas that can displace natural gas in producing sustainable energy products such as hydrogen, liquid fuels
(diesel and jet fuels) and electricity.

o The gasification reactions take place within a single, refractory-lined chamber, with no internal moving
parts. The waste materials are fed into the vessel through an airlock at the top and form a packed-bed
where the reactions occur. The height of this bed is maintained via the controls system to ensure that it
stays within the acceptable rangei Ex. 4 CBI iand that there is complete
conversion and consumption of gasification agents, oxygen and steam.

o The zones are idealized graphically in marketing material, but the “Drying Zone”, “Devolatilization Zone”
(or “Pyrolysis Zone”), the main “Gasification Zone” and the “Melting Zone” exist in a continuum within the
packed-bed of solid waste material, not in separate reactors as with other technologies. The syngas
produced during gasification rises slowly through the bed, without fluidization, resulting in efficient
countercurrent heating and drying. The bed material moves slowly downwards by gravity at a rate of
approximately one inch per minute.

o Combustion of residual char requires a reaction 1-mol of carbon with a minimum of 1-mol of O2. In most
incineration or even modern 2-stage combustion incinerators, there is far in excess of this amount of
reactant injected. The amount varies from 150 to 400% of the minimum air required, leading to very high
equivalence ratios (as their technologies are focused on the complete elimination of material, and
simultaneously minimize the carbon monoxide exiting with the exhaust gases)

= |n contrast, the FastOx gasifier has a typical Equivalence Ratio, ER = (mol-O2 / mol-C) = ~0.50.
An ER of 1.00 would be 100% production of CO2, while an ER of 0.50 would be 100% production
of CO, an important syngas product for gasification technologies.

o The FHL FastOx gasification system has over 1,400 sensors monitoring process variables in real-time.
The measurement of process temperatures and the FastOx Gasifier syngas composition (including two
(2) analyzers for O2 concentration), are utilized by the process control system and operators to adjust for
and maximize the syngas yield and syngas energy content. Any small increase in CO2 with a
corresponding decrease in CO and H2 observed by the controls system triggers adjustments to key
inputs such as oxygen to avoid deviating far from the ‘optimum syngas generation operating setpoints’.
Deviations are mitigated well before reaching anything close to combustion conditions (ER = 1.00).

e The FastOx Polisher

o The FastOx Pglisher is a unit operation that employs non-catalytic thermal cracking and steam reforming,
controlled by steam and oxygen injection.

o The FastOx Polisher converts any trace amounts of condensable hydrocarbons (waxes, aromatics etc.)
and organic solids into additional non-condensable, syngas products. This unit operation increases the
availability/uptime of the system (as it minimizes the potential for blockage due to condensation of
hydrocarbons in piping), and also maximizes the syngas vyield, particularly CO and H2 content, thus
increasing overall system efficiency.
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VIR,
DMD

Banisl M. Dodd

Chief Technology Officer

{530} 7598827 503 | Cel {3161 215-6418
1223 Research Park Dirive, Davis, CA Y5618

From: Zuniga, Mario <guniga mario@epa.goy>
Sent: Tuesday, June 30, 2020 5:10 PM

To: Daniel Dodd <ddodd@sisrrasnsrey.com>
Subject: RE: Applicability Determination Questions

Hi Daniel,

Thank you again for the call last week and for the additional information you provided in the email below. Our Office of
Air Quality Planning and Standards staff is interested in having a call to discuss a few technical things with you. Since we
have a large team working on the applicability determination, it may be difficult to schedule a call with everyone. |
wanted to check with you to see if you will be available on Wednesday July 8™ at 12PM PST for a call with us. If that does
not work, we have a less desirable time of Thursday at 1PM PST (not all our team would be able to join).

FYl, although the call will focus on technical aspects of the applicability determination, one of our attorneys from Region
9 (from the Office of Regional Counsel) will most likely be in the call to become more familiar with the process. | don’t

expect him to ask legal questions but wanted to give you the heads up.

Other EPA staff potentially to be in the call include:

HQ — Office of Enforcement and Compliance Assurance

HQ — Office of Land and Emergency Management (not likely to join)
RS — Enforcement and Compliance Assurance Division

R9 — Air and Radiation Division

Please let me know if the times proposed above work for you and your team.

Best regards,

Mario Abrabam Zufiiga

Environmental Engineer

Air Permits Section (AIR-3-1) | U.S. EPA, Region 9
75 Hawthorne St., San Francisco, CA 94105
(415)947-4282 | zuniga.mario@epa.goy

From: Daniel Dodd <ddoddi@siemraeneray.com>
Sent: Thursday, June 25, 2020 11:27 PM
To: Zuniga, Mario <zuniga.maric@epa gov>

Cc: Dancher, Nathan <Cancher Mathan@spagov>; Batchelder, Amber <Batcheldsr. Amber@epa. gov>; Yannayon, Laura

<Yannavon laura@spa.gov>; MGiraudo®@mbard.org, Johan Van Walsem <ivanwalsem@slerrasnsrgy.cons>; Meredith

Roberts <myroberisifisierraenergy. com>
Subject: RE: Applicability Determination Questions
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Mario, thanks for your time earlier to discuss, as requested, here are those main points/notes. See attached the Memo
SE/MBARD had sent over in August 2019 too that | was referring to.

1) We would like to clarify if the formal NSPS Subpart EEEE Applicability Determination request is specifically for
the FastOx Gasification Biorefinery at Fort Hunter Ligget (which includes the demonstration equipment), and not
the FastOx Gasification process/technology in general. Our intent is to review the site-specific information you
have provided and respond to the site-specific request. We intend to respond to the request specifically for the
FHL FastOx Gasification Biorefinery system that operates continuously {as explained in your email below) with a
waste input capacity of 10 metric tonnes per day. If the gasification process changes at FHL such that it no longer
meets the description in the current applicability determination, a new applicability determination will be
required.
<< Indeed, this Applizability Determination can be limited/focused on the FastOx system/plant deployed at FHL
i it helps it the scope of what's being reguested. In addition o the system being mechanioally-constrained,
SE are also limited by our Alr and Waste permits to only be able 1o convert a maximum of 10 tonnes per day of
solid fesd materials, vear-round. 3E are NOT going 1o ramp-up’ the operations bayond thess physical and
permit imits we already have in place.

2} Do you have a schematic of the partial oxidation zone readily available? We would like to clarify whether the
partial oxidation zone is a combination of two zones (i.e. 1. oxidation of char and 2. gasification of the waste
bed). More information on this would be helpful, if you have it readily available. If you do not have a schematic
or more information readily available, we can move forward with what you have provided so far.
<< As explained, sl of the lower gasifier’s core reactions {partial oxidation of char and auxiliary fusl, as well as
the other ‘gasification reactions’) all take place within Ex. 4 CBI ithere
aren’t separate physical reaction zones {or reaction vessels for that malter) where these are oocurring,

This can be compared to other multi-stage/multi-chamber gastfication technologies {such as fluidized-bed
gasifiers that may have a separate reactor downstream of the main gasifier, where char that's adhered to the
fluldizing media {bypically an olivine or sand} is burnt’ off [with alr or oxygen that's injected), heating the
fluidizing and heat-trarsfer media before being returned back to the main gasifler vessed and an exhaust stream
from this char combustion is vented to atmosphere). SE's FastOux provess has a different reaction set and
physical configuration, and has no such separate char combustion chamber and/or exhaust fus/stack.

Again, we're happy to make some Hime available to discuss with yvour team or the folks in DO further clarifications are
required bevond what’s besn provided to-date.

VIR,
DMD

Branigl B Dodd

Chief Technology Officer

{530} 753-9827 #5303 | Cell {818) 215-8416
1222 Researct

b

From: Zuniga, Mario <guniza.mario@epa.gov>

Sent: Wednesday, June 24, 2020 2:08 PM

To: Daniel Dodd <ddodd@sierrasnersy com>

Cc: Dancher, Nathan <Bancher Nathan@epa.gov>; Batchelder, Amber <Batchelder Amber@ena. gov>; Yannayon, Laura
<Yannavon laura@epa pov>; MGhaudo@mbard.org Johan Van Walsem <ivanwalsem@sierraenergy.com>; Meredith
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Roberts <myroberisifisierraenergy. com>
Subject: RE: Applicability Determination Questions

Hi Daniel,

I've called a few times these past days to quickly discuss a few things over the phone. Im emailing you to follow up on
the voicemail | left you yesterday. We would like to respond to your request by early July and believe a quick phone call
is sufficient to address two things:

1) We would like to clarify if the formal NSPS Subpart EEEE Applicability Determination request is specifically for
the FastOx Gasification Biorefinery at Fort Hunter Ligget (which includes the demonstration equipment), and not
the FastOx Gasification process/technology in general. Our intent is to review the site-specific information you
have provided and respond to the site-specific request. We intend to respond to the request specifically for the
FHL FastOx Gasification Biorefinery system that operates continuously (as explained in your email below) with a
waste input capacity of 10 metric tonnes per day. If the gasification process changes at FHL such that it no longer
meets the description in the current applicability determination, a new applicability determination will be
required.

2} Do you have a schematic of the partial oxidation zone readily available? We would like to clarify whether the
partial oxidation zone is a combination of two zones (i.e. 1. oxidation of char and 2. gasification of the waste
bed). More information on this would be helpful, if you have it readily available. If you do not have a schematic
or more information readily available, we can move forward with what you have provided so far.

Unfortunately, our phone system at our San Francisco office is currently down. Please feel free to give me a call at your
earliest convenience to the phone number | provided in yesterday’s voicemail. You may also email me when available so
I may call you. I work from 8:30 am to 5:30 pm from Monday to Friday.

Thank you,

Marip Abraham Lofliga

Environmental Engineer

Air Permits Section (AIR-3-1) | U.S. EPA, Region 9
75 Hawthorne St., San Francisco, CA 94105
(415)947-4282 | zuniga.mario@epa.gov

From: Daniel Dodd <ddodd@sisrraensrgy.com>

Sent: Thursday, June 18, 2020 9:43 PM

To: Zuniga, Mario <zuniga. mario@eps gov>

Cc: Dancher, Nathan <Eancher Nathan@epa.gov>; Batchelder, Amber <Batchelder Amber@epa. gov>; Yannayon, Laura
<Yannavon.laura@epa.pov>; MGiraudo@mbard.org Johan Van Walsem <ivanwalsem@sierraenergy.oom>; Meredith
Roberts <miroberis@sierraenersy. com>

Subject: RE: Applicability Determination Questions

Mario, see responses in biue below:-

1) Clarify Purpose of Pilot Demonstration
a. s Sierra Energy requesting an applicability determination for a pilot demonstration FastOx Gasification

Biorefinery (FastOx Gasifier) that will be converted into a full-time operation?
< SE: The FastOx Gasification Blorefinery systam at Fort Hunter Liggett {FHLY, B 3 demonstration
project at a commaercially relevant scale, with multinle stakeholders and test and validation gosls,
Historizally, it has been operated in short, Z-weel campaigns, up 1o six (8] campalgns per vear, In the
future, SE will be incressing the team/staff size and driving It towards more-continuous operations to
further define technology, enginesring and key economic metrics in support of future commaercial
projects. The FHL demonstration plant s currently self-funded by Slerra Energy and it Is not operated for
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commercial profit. The plant has sufficient capacity and end-to-end integration to generate data that is
fully relevant to future commercial projects with 37 partiss,

b. Is the applicability determination for a pilot demonstration that is not expected to be modified/ramped-
up?
<« 5F: See above. We will be increasing the systern uptime/hours of continuous operation, but do not
foreses increasing the system’s 10 metric tonne per day capacity. SE may add redundant small
sguipment tems [such as pumps, blowsrs eic.) to facilitate increasing the system ‘uptime’, and 5E may
consider producing other ‘end-products’ such as hydrogen, methanal, ammaonia) from the syngas for
demonsiration, validation and optimization purposes only, not for cormmercial revenus.

c. If the FastOx Gasifier will be converted from a pilot demonstration to a full-time operation, how will the
process change?
<< $F: Az described praviously, this project is not 3 commercial operation, While 3 will be driving the
uptime/avallability of the system upward {to assist with long-term data capture and future system
sales], & will not be converted into a commercial Tor-profit’ plant

2} Origin of waste fed to FastOx Gasifier

a. ls all the wasted used in the FastOx Gasifier generated at the Fort Hunter Liggett (and is therefore
“institutional waste” (IW))?
<< SE: The system at FHL will be recelving and converting waste materials both generated by/on FHL,
and also waste materials generated offsite. The system may also receive and conver! non-wasts
products-of-commerce {for example clean paper products, clean plastios) for cartain test, validation and
optimization campaigns.,

b. Does the FastOx Gasifier also take in Municipal Solid Waste (MSW) from outside FHL? If so, what are the
percentages of MSW and IW that are fed into the FastOx Gasifier?
< 5F: As maentioned above, Indesd, materials {waste and non-waste) can be recelved from outside FHL
Depending on the goals of each specific Testing campaign, thers may be anywhere from O to 100%
materials generated onsite at FHL being converted; the balance being materials generated offsite,
Materials received from offsite must conform to all conditions of our solid waste facility permit
exemption and comply with CA law. Offsite waste materials are processed by a 3™ party waste processor
o recover recyelable materials and remeove any harardous materials that are not approved {which
subsequently, would be sent to landfill) before being recefved at FHL This allows 5F to test & broader
range of materials, induding those from interested commercial pariners 1o verify the technology
performance on the actual material of interest for the commercial project.

3) Oxygen levels in reaction zones
a. Do the multigas analyzer and/or the paramagnetic analyzer measure O,? Note 2 from your February 28,
2020 email says the combined syngas (from all zones) is sampled and analyzed as it exits the gasifier.
<< 5E: Both the multigas analyzer® and the dedicated O2-only measurement analyrer {using
paramagnetic measurement technology! do indeed continuously measurs 02 concentrations from a
slipstream of process gas that Is removed continuously from the FastOx Gasifier outlet,
*lehat containg an Hectrochemical detector (ECD) for 02 measurement, as well as Thermal
Conductivity Detector {TOD) for H2 measurament and Non-Dispersive Infrared {NDIR) sensors
for OO, CO2, CH4 and C3HE measurament)
b. The FastOx Gasifier uses a real-time control system. How often is the sampling and analysis completed?
E.g. is it once every 15 minutes?
<< 5§ The Rockwell Automation system has over 1400 inpul-output measurements and parameters
being monitored and/or controlled at rates up 1o 'once per second’.
The continuous gas analvsis subsystem is reporting changes in gas composition every one {1 sscond.
This subsystem has been designed to respond’ to {observe) changes In gas composition in less than 30~
seconds [from the process change, 1o i being registerad by the gas analyrer {including delays in the gas
sampling eguipment and the Instrument’s own inherent ‘response time’}, 10 1 belng reporied to the
plant controls system and control board operators),
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c. Note 2 mentions the combined syngas is analyzed at the exit of the FastOx Gasifier. How is the O,
content at each zone measured/determined?
<< 5F: The FastOx gasification vessal is a simple, refractory-lined cylinder, and all major gasification
reactions take-place within this single vessel, within the bed of waste materials being converted,
The rones’ that were described previousty [in the memo submitted August 2019 and in the February
2020 correspondence) are actually all prasent mere inches apart within the solid fesd bed that maybe
ondy 6ff tall by 311 in diameter. These idealized zones pressnted before are not separate reaction
chambers as may be the case with other processes. In fact, this is one of the key benefits of updraft
gasification technologies; their simplicity and hig h thermdé efficiencies as all reactions are taking place in
a single, small volume.
it is not practical to attempl to measure the 02 concentration within the bed given that thess idealized
rones do not match precise geometric positions coupled to the harsh conditions with temperatures up
to 4000 °F that would melt any sampling device,
Therefore, it is in the cooler region where the syngas s sxiting the FastOx gasifier vessel that it is
possible o continuously sample the Final FastOx Gasifier Syngas’ for continuous analysis and process
control The residencs times of syngas in the gasifier is on the order of ssconds, so any changes occurring
iy the reaction zoneas results in very rapid responsea of the exit gas compaosition,

4) Details on Polisher process
a. Canyou please provide more details regarding the process of the FastOx Polisher?

« 5E: The purpose of the FastOx Polisher is To increase the temperature of the Final FastOx Gasifter
ng ngas {exiting the FastOx Gasifler vessel, as desoribed above) 1o break-down condensable hydrocarbon
components {for example acetic acld, ethanol, was o1} and convert it into additional gaseous syngas
components. The FastOx Polisher achieves this by injecting steam, oxygen, and auxiliary fuel under very
cantrolled conditions {see below response to 41b. below for further d{:.diEix},
Mot only does this FastOx Polisher unit operation decreass/mitigate these condensable hydrocarbons
rausing issues with blocking downstream piping and equipment (if they were to cool, condense out and
Build-upl, but it also masimizes the amount of clean, dry syngas for conversion to the final snd-products,
so the overall system vield/efficiency increases.

b. Are temperature and oxygen content monitored and/or controlled in the polisher process? If so, how?
inddeed, it is imperative to monilor the temperaturs and Polisher-Qutlet Syngas composition

caﬂhnuﬁuséyv
Thers are five {5) thermocouples on, and inside, this refractory-lined vessel.
A &‘%"g}f‘t ream of Fost-Polisher Syngas’ is continuously removed from the exit pipework, conditionsd, and

sent to 2 near-identical set-up as described above for the FastOx Gasifier Syngas analysis

= One {1) continuous multigas analyrer {with 3 FOD-TCD-NDR configuration described
above that has the ECD for 02 analysis)
= Oine {1) continuous paramagnetic 02 analyrer.

One important darification: continuously monitoring the temperatures and more-importantly process

gas compositions, ensures that optimum syngas gquality is being produced, and thersfore the overall
system vield and efficiency are both being maximized. If these parameters wears not monitored {and
used for process control and optimization), the CO and H2 could decrease and (02 and H20 could
subssequently Increass, greatly decreasing the FastOx Blorefinery's end-product vields, at significant
detriment to any operating economics required to make a project financially viable, Qur entire process is
predicated on, and incentivized to, maximize the energy stored in products, versus generating heat as
wiuld be the case with an incineration process.

VIR,
DMD
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Baniel M. Dodd

Chist Technology Officer

{5307 759-9827 503 | Cel {818 215-6418
1222 Research Park Dirive, Davis, CA 5618

From: Zuniga, Mario <zuniza.mario@epa.goy>

Sent: Wednesday, June 10, 2020 3:47 PM

To: Daniel Dodd <ddodd@sierrasnersy.com>

Cc: Dancher, Nathan <Bancher. Nathan@epa.goy>; Batchelder, Amber <Batchslder Amber@epa. govw>; Yannayon, Laura
<Yannayornlaura@ena gov>; MGiraude@mbard org

Subject: Applicability Determination Questions

Hi Daniel,

Thank you for providing additional requested information for this applicability determination in a timely manner. We are
working on your applicability determination and require additional information.

Please answer the following questions in detail.

1) Clarify Purpose of Pilot Demonstration
a. s Sierra Energy requesting an applicability determination for a pilot demonstration FastOx Gasification
Biorefinery (FastOx Gasifier) that will be converted into a full-time operation?
b. Is the applicability determination for a pilot demonstration that is not expected to be modified/ramped-
up?
c. If the FastOx Gasifier will be converted from a pilot demonstration to a full-time operation, how will the
process change?
2} Origin of waste fed to FastOx Gasifier
a. ls all the wasted used in the FastOx Gasifier generated at the Fort Hunter Liggett (and is therefore
“institutional waste” (IW}))?
b. Does the FastOx Gasifier also take in Municipal Solid Waste (MSW) from outside FHL? If so, what are the
percentages of MSW and IW that are fed into the FastOx Gasifier?
3) Oxygen levels in reaction zones
a. Do the multigas analyzer and/or the paramagnetic analyzer measure O,? Note 2 from your February 28,
2020 email says the combined syngas (from all zones) is sampled and analyzed as it exits the gasifier.
b. The FastOx Gasifier uses a real-time control system. How often is the sampling and analysis completed?
E.g. is it once every 15 minutes?
c. Note 2 mentions the combined syngas is analyzed at the exit of the FastOx Gasifier. How is the O,
content at each zone measured/determined?
4) Details on Polisher process
a. Can you please provide more details regarding the process of the FastOx Polisher?
b. Are temperature and oxygen content monitored and/or controlled in the polisher process? If so, how?

We are looking into the information you have previously provided and are consulting with expert staff in the region and
headquarters. We hope to finalize the applicability determination within a few weeks after your response. We will let

you know if we need additional information.

Again, thank you for reaching out to EPA regarding this matter. We appreciate your patience and the additional
information you have provided thus far.
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Best regards,

Mario Abwaham Fofiiga

Air Permits Section (AlR-3-1)
U.S. EPA, Region 9
(415)947-4282
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